Abstract. Rock fragmentation is one of the major concern in surface mining because of its strong influence on the efficiency and productivity of the mining operation. Although past researches show that the size of rock fragmentation can be controlled by optimizing blasting designs, the effects of blasting designs or prediction methods of the size of rock fragmentation have not yet been discussed enough yet. In addition, the research works only focused on the controll and prediction of means size of the rock fragmentation. However, they have not considered the uniformity of the rock fragmentation despite all the size of rock fragmentation sould be ideally same in terms of efficiency. Firing patttern including delay time is one of the blasting designs which can be easiliy altered and has low impact on the production. Therefore, the effect of firing pattern on both the size and uniformity of rock fragmentation was discussed in this study. The results showed that two directions of firing pattern had advantage in terms of both mean size and uniformity of rock fragmentation.
Introduction
In modern mining industry, rock blasting is the most commonly used method for rock mass breakage [1] . It has been adopted for not only mining but also civil engineering such as tunnels, highways and dams. This technique is one of the essential parts of working cycle in the open-pit mining excavation. Typical productions of mining industries such as coal and metal are key materials for other industries; therefore, to minimize the operation costs is extremely important for the development of our society with the recent decrease of such resources. Since rock fragmentation strongly influences on the costs of drilling, blasting and the efficiency of all the subsystems such as loading, hauling and crushing in mining operations, it is considered as the most important aspect of production blasting. Large fragmentation or excess of fines can result in low efficient or profits of the mining operation [2] . Well designed blasting can contribute to the size that can be accommodated by the available loading and hauling equipment and crushing plant with little or no need for secondary breakage. For this reason, many researchers have studied the effect of blasting designs and prediction method of the size of rock fragmentation for the efficient blasting operation [3] [4] [5] . In addition to the mean size of rock fragmentation, the size distribution is also important point. In other words, all of the size of rock fragmentations is ideally same for efficient miming operation. However, many research works only focus on the control and prediction method of mean size of rock fragmentation.
Firing pattern including delay time is one of the blasting design, which generally set in order to reduce the level of blast-induced ground vibration [6] [7] . In comparison to other blasting designs, it generally does not have obvious influence on the amount of recovered ore. That is to say, the guideline of controlling the size by delay time is established, resulting in efficient mining operation. Although several research works have reported that the size could be improve by optimizing the delay time [8] , the effect of delay time on the size or distribution of rock fragmentation has not been discussed enough. In order to solve this problem, a series of field experiment was conducted in operating metal mine in Japan. This paper discussed that the effect of firing pattern on both mean size and distribution of rock fragmentation. In other words, the goal of this study is to obtain both ideal size and uniform size distribution of fragmented rock induced by blasting by optimizing firing pattern.
1.1

Overview of Field Experiment
In order to discuss the effect of firing pattern on the size of rock fragmentation, a series of field experiment was conducted in operating metal mine in Japan. Table 1 shows the general blasting standards of the mine. Within the limitation of the detonator, the effect of four types of firing pattern was discussed in this field experiment. By using MS electrical detonator, two types of delay time: 25 ms and 50 ms were set and firing directions: one direction and two directions were also discussed. In the one row blasting, one firing direction was firing the blasting holes from edge to edge of the blasting hole (one direction) and the other one was firing from the center to the both edges (two directions). The concepts of four types of firing pattern were illustrated in Fig. 1 . Moreover, in this experiment, after blasting, the photograph of fragmented rock was captured by digital camera for rock fragmentation analysis and the rock samples were collected at every face for the test of mechanical properties of rock. 
Analysis Method of Size Distribution of Blast-Induced Rock Fragmentation [2]
Fragmentation assessment was performed by the image analysis on a basis of scaled photograph taken from the muck pile after blasting. Two balls with diameter of 24 cm were used as scale in the photograph. The balls were placed in the same vertical line down the fragmented rocks and they were preferably placed with one ball near the top of the rock fragmentation and the other near the bottom as shown in Fig.2 . The balls should not be placed randomly in the fragmented rocks nor in a horizontal line across them. The photograph was taken by the digital camera as perpendicular to the surface of fragmented rocks as possible. After taking photographs, the photographs of rock fragmentation were analyzed by the software, Split-Desktop developed by Split Engineering. The outlines of visible rocks above a certain minimum resolution, 3 mm in diameter on the photograph, were traced by mouse. gain size stribution when n is (a) to (c). utions are niformity fficient of n be said n to one ence and n. On the ace in the ections of hough the basically n in order 1 (c) when 
Conclusion
The result of a series of field experiment showed that firing pattern has an obvious impact on both size and distribution of blast-induced fragmented rocks. Especially, firing direction strongly influence on both the distribution and size of blast-induced fragmented rocks. By applying two directions of firing pattern, the uniformity could be dramatically improved and the uniformity coefficient is less than 10 on average. On the other hand, delay time influence on the size of fragmented rocks, but the influence of the firing direction on the size is larger than that of delay time. In conclusion, two directions of firing pattern is basically applied and delay time should be set on a basis of the operation in order to obtain ideal fragmented rock induced by blasting.
